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ABSTRACT
We present results from spectroscopic follow-up observations of stars identified in the Kepler field
and carried out by teams of the Kepler Follow-Up Observation Program. Two samples of stars were
observed over six years (2009-2015): 614 standard stars (divided into “platinum” and “gold” categories)
selected based on their asteroseismic detections and 2667 host stars of Kepler Objects of Interest
(KOIs), most of them planet candidates. Four data analysis pipelines were used to derive stellar
parameters for the observed stars. We compare the Teff , log(g), and [Fe/H] values derived for the
same stars by different pipelines; from the average of the standard deviations of the differences in these
parameter values, we derive error floors of ∼ 100 K, 0.2 dex, and 0.1 dex for Teff , log(g), and [Fe/H],
respectively. Noticeable disagreements are seen mostly at the largest and smallest parameter values
(e.g., in the giant star regime). Most of the log(g) values derived from spectra for the platinum stars
agree on average within 0.025 dex (but with a spread of 0.1–0.2 dex) with the asteroseismic log(g)
values. Compared to the Kepler Input Catalog (KIC), the spectroscopically derived stellar parameters
agree within the uncertainties of the KIC, but are more precise and are thus an important contribution
towards deriving more reliable planetary radii.
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1. INTRODUCTION
The majority of extrasolar planets known to date were
discovered by the Kepler mission (Borucki 2016). It has
yielded several thousand planet candidates during its
operation from March 2009 to May 2013, observing over
150,000 stars in the constellation Cygnus-Lyra (Borucki
et al. 2011a,b; Batalha et al. 2014; Burke et al. 2014;
Rowe et al. 2015; Seader et al. 2015; Mullally et al. 2015;
Coughlin et al. 2016; Thompson et al. 2018). These can-
didates were discovered via the transit method, which
detects a planet as it passes in front of its star, peri-
odically dimming the stellar light. Transit events iden-
tified in Kepler data that pass a certain threshold and
a vetting process are given a Kepler Object of Interest
(KOI) number, and they are categorized as either planet
candidates or false positives. The latter group includes
eclipsing binary stars, which can mimic the signal of
a transiting planet. For planet candidates found with
the transit method, the planet radius is directly derived
from the transit depth; however, it is only known with
respect to the stellar radius (the decrease in brightness
due to a transit event is equal to the ratio of the square
of the planet radius and the stellar radius). Therefore,
it is important to know stellar parameters as accurately
as possible in order to derive reliable planet parameters.
The Kepler Input Catalog (KIC; Brown et al. 2011)
provides stellar parameters for most of the stars in the
Kepler field, but they were derived using broad-band
colors. This results in estimates of stellar properties
that are sufficient for target selection, which was the
main objective of the KIC; since the priority of the Ke-
pler mission was to find small planets in the habitable
zones of Sun-like stars, the main goal of the KIC was
to distinguish dwarf stars from giant stars. However,
the stellar parameters from the KIC are significantly af-
fected by systematic errors (Huber et al. 2014). In some
cases, red giant stars were misclassified in the KIC as
dwarf stars (Mathur et al. 2016) or subgiants (Yu et al.
2016). Using stellar properties from the KIC to derive
other parameters, e.g., planetary radii, could introduce
significant systematic errors in the estimation of these
parameters.
Spectroscopic observations yield more precise stellar
parameters than those inferred from photometry (e.g.,
∗ Hubble Fellow
† NASA Sagan Fellow
Torres et al. 2012; Mortier et al. 2013, 2014; Huber et al.
2014). By modeling spectral lines from the star’s atmo-
sphere, the stellar effective temperature (Teff), surface
gravity (log(g), in cgs units), and metallicity ([Fe/H])
can be derived, and in turn these parameters, combined
with stellar evolutionary models, yield the stellar mass
and radius. An important quantity that enters the cal-
culation of the stellar luminosity and thus the stellar
radius is the surface gravity. By comparing constrained
and unconstrained derivations of log(g), Torres et al.
(2012) and Mortier et al. (2013) showed that uncertain-
ties in log(g) of about 0.2 dex translate to fractional
uncertainties of ∼ 20%–30% in the stellar radius. More-
over, uncertainties in log(g) also affect Teff and [Fe/H],
since there are degeneracies between these parameters
(Torres et al. 2012). Any uncertainties in the stellar
properties will propagate to the planet properties; for
the planet radius, the uncertainty in the stellar radius
linearly increases the uncertainty in the planet radius
(since Rp ∝ R∗).
As part of the Kepler Follow-Up Observation Program
(KFOP), spectroscopic observations of KOI host stars
were carried out from June 2009 to October 2015 to de-
rive more precise and accurate stellar effective temper-
atures, surface gravities, and metallicities. Other, inde-
pendent groups have carried out spectroscopic follow-up
observations of Kepler stars, with the goal of improving
stellar parameters (e.g., De Cat et al. 2015; Fleming et
al. 2015; Petigura et al. 2017). The spectra are also
important for vetting the KOIs to identify false posi-
tives. Some of the observations were done using high-
resolution spectrographs to measure radial velocity sig-
nals as a confirmation of planetary candidates. Spectra
may also reveal whether a close companion is present
(Marcy et al. 2014; Kolbl et al. 2015). Besides spec-
troscopic observations, high-resolution imaging observa-
tions were carried out as part of KFOP to detect close
companions to KOI host stars, which would dilute the
transit depth and thus lead to underestimated planet
radii. Results from that program are presented in Furlan
et al. (2017). Both the imaging and spectroscopic data
and results have been posted on the Kepler Community
Follow-Up Observation Program (CFOP) website1.
To revise the stellar parameters from the KIC, Hu-
ber et al. (2014) compiled stellar properties for the en-
1 https://exofop.ipac.caltech.edu/cfop.php
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tire sample of stars observed by Kepler (almost 200,000
stars). They used published literature values as well
as asteroseismology and broadband photometry to de-
rive atmospheric parameters (Teff , log(g), [Fe/H]), which
were then fit to a grid of Dartmouth isochrones (Dot-
ter et al. 2008). The stellar parameters from an up-
dated version of this catalog (Huber 2014) were used for
the Q1-Q17 Data Release 24 (DR24) transit detection
run; the KOI table2 resulting from this run (Coughlin
et al. 2016) was the most recent one used for KFOP
observation planning. The latest update to the stellar
properties catalog (Mathur & Huber 2016; Mathur et
al. 2017), which also included data from the KFOP pro-
gram, was used for the Q1-Q17 DR25 run (Thompson et
al. 2018). For the KOI host stars in the DR25 catalog,
27% of the Teff and [Fe/H] values and 24% of the log(g)
values are derived from spectra, while in the DR24 cat-
alog, just 4%-6% of stellar parameters of KOI host stars
were determined spectroscopically (78% of Teff values
were derived from photometry, and ∼ 85% of log(g) and
[Fe/H] values were still adopted from the KIC). Thus,
the stellar and therefore planetary parameters are more
accurate in the latest KOI table. We note that in all KOI
tables, the presence of any stellar companions within ∼
1′′–2′′ of the primary star is not taken into account, so,
if follow-up work identified such a companion, the plan-
etary parameters from the KOI tables would have to be
revised (see Ciardi et al. 2015; Furlan et al. 2017).
In this work, we present for the first time the results
from the KFOP spectroscopic follow-up program that
targeted two particular subsets of Kepler stars: host
stars of KOIs that are planet candidates, and a set of
standard stars. In section 2 we introduce these two sam-
ples of stars, and in section 3 we briefly describe the
observations. In sections 4 and 5 we explain the anal-
ysis done for the spectra and give an overview of the
results, which we discuss in section 6 and summarize in
section 7.
2. THE SAMPLE
For the spectroscopic program, there are two sets of
targets: (1) host stars of KOIs (mostly planet candi-
dates), (2) a sample of standard stars. All targets have
identifiers from the KIC, so called KIC IDs, but only
KOI host stars and a few of the standard stars also
have a KOI identifier. The two groups of targets are
introduced below.
2 The KOI tables can be accessed at the NASA Exoplanet
Archive at http://exoplanetarchive.ipac.caltech.edu.
2.1. KOI Host Stars
As for high-resolution imaging follow-up observations
(see Furlan et al. 2017), the targets for the spectroscopic
follow-up observations were selected from the latest KOI
cumulative table available at the time observations were
planned. For the last Kepler observing season, the
summer-fall 2015, the KOI cumulative table that mainly
included objects from the Q1-Q17 DR24 table was used;
it contained 7557 stars, of which 3665 were hosts to at
least one candidate planet (we refer to these stars as
“planet host stars”, even though many of the planets
have not yet been confirmed or validated), and 3892
were hosts to only false positive events. The total num-
ber of planets from that KOI cumulative table was 4706,
since many stars are hosts to more than one planet. Not
included in this number are a few dozen additional plan-
ets that were confirmed, but not previously identified as
KOIs by the Kepler pipeline and therefore not found in
any KOI table (they have Kepler planet numbers and
can be found in the NASA Exoplanet Archive). For the
follow-up observations, usually only host stars to planet
candidates were selected, and priority was given to stars
with smaller planets (. 4 R⊕), planets in the habitable
zone, and stars with multiple planet candidates.
Given that many KOI host stars are faint, a first goal
of spectroscopic observations was to obtain reconnais-
sance spectra of the stars to detect if stellar companions
are present. These spectra with a lower S/N ratio are
sufficient to detect large RV variations due to a com-
panion. Spectra with modest S/N ratios are adequate
to derive stellar properties; these derived stellar param-
eters will be the focus of this work.
2.2. Standard Stars
In addition to the KOI sample selected from the KOI
cumulative tables, a set of standard stars selected by the
Kepler Asteroseismic Science Consortium was targeted
by the spectroscopic follow-up observations. There are
two main samples: 523 “gold” and 101 “platinum” stan-
dard stars. Of the 523 gold standard stars, 79 are also
KOIs; of the 101 platinum stars, just 7 are also KOIs
(note that the standard star samples were selected be-
fore any KOI identification was done; therefore, they
do not include all exoplanet host stars with parameters
derived from asteroseismology – see Huber et al. 2013;
Lundkvist et al. 2016).
These standard stars were part of a sample of ∼ 2000
solar-type main-sequence and subgiant stars observed
at the beginning of the Kepler mission to measure stel-
lar oscillations (Huber et al. 2011; Verner et al. 2011;
Chaplin et al. 2011, 2014). Of the surveyed stars, ∼ 500
have detections of solar-like oscillations; these are the
4 Furlan et al.
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Figure 1. Histograms of the Q1-Q17 DR24 (black) and DR25 (green) stellar parameters of the platinum standard stars. Note
that there are 38 stars in the DR24 table for which an [Fe/H] value was not derived, but adopted to be −0.2.
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Figure 2. Histograms of the Q1-Q17 DR24 (black) and DR25 (green) stellar parameters of the gold standard stars. Similar to
Figure 1, there are 391 stars in the DR24 table for which the [Fe/H] value was adopted to be −0.2.
“gold” standard stars. The stars with the best astero-
seismic detections were observed for several more quar-
ters beyond the first few of the Kepler mission; they form
the sample of “platinum” standard stars. Asteroseismic
parameters allow precise estimates of fundamental stel-
lar properties such as the mass, radius, mean density,
and surface gravity. The platinum stars are particularly
well-characterized; their log(g) values have very small
uncertainties (∼ 0.01 dex). However, in order to derive
mass and radius separately from stellar oscillations, ef-
fective temperatures have to be known. Moreover, stel-
lar compositions cannot be derived from asteroseismol-
ogy. Spectroscopy can yield Teff , log(g), and [Fe/H], but
there are degeneracies between these parameters (Torres
et al. 2012). By using constraints on stellar parameters
from both seismic and non-seismic data, a full set of
stellar properties can be determined more precisely (see
Chaplin et al. 2014). The main purpose of obtaining
follow-up spectra of the standard stars was to determine
spectroscopically derived stellar parameters of stars with
reliable properties from asteroseismology; this would al-
low to assess any systematic errors in stellar properties
listed in the KIC, as well as to test systematic errors in
spectroscopically derived surface gravities.
Figures 1 and 2 display histograms of the stellar pa-
rameters for the platinum and gold standard stars, re-
spectively, from the Q1-Q17 DR24 (Huber 2014; Huber
et al. 2014) and DR25 (Mathur & Huber 2016; Mathur et
al. 2017) stellar catalogs (using the input values). While
there are stellar parameters for all platinum standard
stars, these catalogs do not have any parameters listed
for 28 gold standard stars. One more star, KIC 8566020,
has stellar parameters in the DR25 catalog, but not in
the DR24 catalog. We note that there is a large frac-
tion of stars with DR24 [Fe/H] values of −0.2± 0.3 (38
out of the 101 platinum stars and 391 out of the 523
gold standard stars). These are stars for which the ef-
fective temperatures were derived from photometry by
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Figure 3. Surface gravities versus effective temperatures (input values of the Q1-Q17 DR25 catalog) for the platinum (left)
and gold (right) standard stars. The orange dashed is the zero-age main sequence for solar-metallicity stars from Dartmouth
models. The blue dash-dotted line represents the empirical boundary between giant and dwarf stars from Ciardi et al. (2011).
Figure 4. Histogram of the Kp magnitudes of the platinum (left) and gold (right) standard stars.
Pinsonneault et al. (2012) by adopting an [Fe/H] value
of −0.2 ± 0.3, which is the mean metallicity of the Ke-
pler field as reported by the KIC (Chaplin et al. 2014).
In the DR25 stellar table, these stars have [Fe/H] values
mostly derived from spectroscopy (Buchhave & Latham
2015). Thus, the distributions of the metallicities, as
well as effective temperatures, for the standard stars are
somewhat different for the DR24 and DR25 versions of
the catalog. On the other hand, the seismic surface grav-
ities did not change significantly since they only depend
weakly on temperature (T−0.5eff , Brown et al. 1991).
For the platinum standard stars, the Teff values range
from∼ 4800 to 6700 K, log(g) from 3.3 to 4.6, and [Fe/H]
from−1.1 (DR24) or−1.75 (DR25) to +0.4. For the gold
standard stars, the parameter ranges are similar; just a
few stars have Teff < 4900 K or Teff > 6700 K. Both
groups of standard stars contain a substantial fraction
of subgiants (log(g) . 3.8): ∼ 31% of platinum stars
and 23% of gold stars have surface gravities indicative of
more evolved stars (see also Figure 3). This reflects the
fact that amplitudes of asteroseismic oscillations scale
with luminosity (Kjeldsen & Bedding 1995), and hence
both standard samples are biased towards evolved stars.
Figure 4 shows the distribution of Kepler magnitudes
(Kp) for the platinum and gold standard stars. The
median Kp values for the platinum and gold stars are
9.52 and 10.91, respectively; for the sample of KOI host
stars (see Figure 5), the median Kp value is 14.54. Thus,
6 Furlan et al.
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Figure 5. Histogram of the Kp magnitudes of those KOI
host stars with spectroscopic observations by the KFOP
teams obtained at the Tillinghast 1.5-m, McDonald 2.7-m,
KPNO 4-m, Keck I, and the Nordic Optical 2.6-m telescope.
on average, the standard stars are brighter than the KOI
host stars, therefore yielding higher S/N spectra.
3. OBSERVATIONS
Four main facilities were used to carry out the KFOP
spectroscopic follow-up observations: the Tillinghast
1.5-m telescope with the Tillinghast Reflector Echelle
Spectrograph (TRES; Fu˝re´sz 2008), the McDonald 2.7-
m telescope with the Tull Coude´ Spectrograph (Tull et
al. 1995), the Kitt Peak National Observatory (KPNO)
Mayall 4-m telescope with the facility Richey-Chretien
long-slit spectrograph (RC Spec), and the Keck I 10-m
telescope with the High Resolution Echelle Spectrom-
eter (HIRES; Vogt et al. 1994). In addition, a few
stars were also observed at the 2.6-m Nordic Optical
Telescope (NOT) with the FIber-fed Echelle Spectro-
graph (FIES; Djupvik & Andersen 2010). Table 1 gives
an overview of the instruments, their resolving power
and wavelength coverage, and the number of targets ob-
served at each of the five observing facilities mentioned
above. In the summer of 2010 reconnaissance spectra
were also obtained for 124 stars at the Lick Observatory
3-m telescope with the Hamilton Spectrometer, but they
were not used in the analysis summarized in this work,
since they were superseded by the data sets taken later.
The first KFOP observations started in 2009 June and
continued through the following observing seasons up to
2015 October. A few more spectra were obtained at the
Tillinghast 1.5-m telescope up to 2016 September, but
they are not included in this work. All spectra cover
the optical wavelength region, and most of them have
high resolving power (R ∼ 45,000-65,000), with low to
medium S/N ratios (∼ 10-40 per pixel; the median S/N
ratio is ∼ 50). Only the spectra obtained with RC Spec
at the KPNO 4-m telescope have a medium resolving
power of R ∼ 3,000.
For the KOI targets, in order to avoid duplicate ob-
servations at the four main telescope facilities used for
the FOP, target lists were divided based on the Kepler
magnitude (Kp) of the stars: the list for the Tilling-
hast 1.5-m telescope included stars up to Kp of 13.5,
the list for the McDonald 2.7-m telescope stars with
13.5 < Kp ≤ 15.0, and the list for the KPNO 4-m tele-
scope stars with Kp > 15.0. The Keck observations
focused on stars with Kp ≤ 14.5, as well as stars with
planets in the habitable zone (Teq ≤ 320 K) and stars
with multiple planet candidates.
Overall, at these four telescope facilities and at the
NOT, 3195 unique Kepler stars were observed; of these
stars, 2667 are KOI host stars, and 614 are either gold or
platinum standard stars (note that some standard stars
are also hosts to KOIs; also, here we use KOI proper-
ties from the latest KOI table available during the last
KFOP observing season, so mostly the Q1-Q17 DR24
table). Of the observed KOI sample, 2326 stars host
at least one planet candidate or confirmed planet, while
341 stars only have transit events classified as false posi-
tives (see Table 2). Since some stars host more than one
planet, a total of 3293 planets were covered by these ob-
servations. Of these 3293 planets, 2765 (or 84%) have
radii < 4 R⊕; this is somewhat larger than the fraction
of all planets with radii < 4 R⊕(80%), a result of the
sample selection.
Given that the platinum standard stars had higher
priority than the gold standard stars, all 101 platinum
standard stars were observed at least at one facility;
the observations at Keck covered all of them, while at
the Tillinghast 1.5-m and McDonald 2.7-m telescopes
99 and 100 stars, respectively, were observed. At the
KPNO 4-m telescope, only 32 of the 101 platinum stars
were targeted with RC Spec. Of the 523 gold standard
stars, only 10 were not observed (KIC 8099517, 8566020,
3520395, 9119139, 8379927, 7529180, 8898414, 3393677,
12650049, 11467550). The majority of these standard
stars were observed at the Tillinghast 1.5-m telescope
(507 of the 523); 34, 79, and 11 were observed at the
McDonald 2.7-m, Keck, and KPNO 4-m telescopes, re-
spectively. Of the observed KOI host stars, 7 are also
platinum standards, while 79 are also gold standards.
Most of the gold standard stars observed at the Tilling-
hast 1.5-m telescope are not KOI host stars, while only
7 of the gold standards observed at Keck are not host
stars to KOIs. At the McDonald 2.7-m and KPNO 4-m
telescopes, all of the observed gold standards are also
KOI host stars.
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Table 1. Spectroscopic Observations of Kepler Stars
Telescope Instrument Wavelengths Resolving Power N
(1) (2) (3) (4) (5)
Keck I (10 m) HIRES 364-800 nm 60,000 1653
KPNO (4 m) RC Spec 380-490 nm 3,000 797
McDonald (2.7 m) Tull 380-1000 nm 60,000 1033
NOT (2.6 m) FIES 370-730 nm 46,000 and 67,000 44
Tillinghast (1.5 m) TRES 385-910 nm 44,000 1341
Note—Column (1) lists the telescope and the mirror size (in parentheses), column (2) the instrument used, column (3) the
wavelength coverage of the instrument, column (4) the resolving power (i.e., the ratio of wavelength and spectral resolution),
and column (5) the number of Kepler stars observed at each facility.
The spectroscopic observations of all the Kepler stars
observed by the FOP teams (standard stars and KOI
host stars) are summarized in Table 3. This table lists
each observation of each target separately, together with
information on the S/N ratio of the spectrum at a cer-
tain wavelength as reported on the CFOP website by
the observers.
4. ANALYSIS OF THE SPECTRA
Each of the four main KFOP groups (based at the
Harvard-Smithsonian Center for Astrophysics, the Mc-
Donald Observatory, the National Optical Astronomy
Observatory, and the University of California, Berke-
ley, respectively) developed software tools to analyze the
spectra obtained in follow-up observations of KOI host
stars and of the set of standard stars in order to de-
rive stellar effective temperatures, surface gravities, and
metallicities. These stellar parameters are derived from
model fits to the spectra; then, the Teff , log(g), and
[Fe/H] values can be compared to evolutionary tracks
to yield estimates of stellar radii (Huber et al. 2014;
Mathur & Huber 2016; Mathur et al. 2017). Here we
briefly summarize the four main codes used to analyze
the spectra obtained under the FOP, and then we com-
pare the stellar parameters derived by these codes to
identify trends and features.
SPC. The SPC code was developed for TRES spec-
tra (Buchhave et al. 2012). It extracts stellar parame-
ters from spectra with modest S/N ratios by comparing
the observed spectrum to a grid of model spectra with
the cross-correlation technique. The synthetic spectra
are based on the Kurucz (1992) model atmospheres and
cover the entire 505 to 536 nm wavelength region and
values in Teff , log(g), and metallicity of 3500–9750 K,
0.0–5.0, and −2.5 to +0.5, respectively. Overall, the
model grid contains 51359 spectra, but best-fit stellar
parameters are not limited to the values of the model
grid (see Buchhave et al. 2012, for details). Since SPC
uses the full wavelength region and thus many spectral
lines, it can derive reliable stellar parameters even for
spectra with S/N ratios as low as 30 per resolution ele-
ment (Buchhave et al. 2012).
Kea. The Kea code was developed for spectra ob-
tained with the Tull Coude´ spectrograph at the 2.7-m
telescope at McDonald Observatory (Endl & Cochran
2016). Similar to SPC, it derives stellar parameters from
high-resolution spectra that have only moderate S/N
ratios. It uses a large grid of synthetic stellar spec-
tra, based on the Kurucz (1993) stellar atmosphere grid
that used the “ODFNEW” opacity distribution func-
tions; Teff values range from 3500 to 10,000 K, log(g)
values from 1.0 to 5.0, and [Fe/H] from −1.0 to +0.5 (see
Endl & Cochran 2016, for details). The model spectra
cover the wavelength region from 345 to 700 nm, which
corresponds to 21 spectral orders of the Tull spectra.
Each of the three main stellar parameters are derived
from only those spectral orders with lines most sensitive
to them.
Newspec. The Newspec code is used primarily on
spectra from the RC Spec spectrograph on Kitt Peak’s
4-m telescope (Everett et al. 2013). As SPC and Kea,
it fits observed spectra to model spectra to derive Teff ,
log(g), and [Fe/H]. The synthetic spectra used are those
from Coelho et al. (2005), who based them on stellar
model atmospheres of Castelli & Kurucz (2003). The
best-fit values of the stellar parameters are found by in-
terpolation of the values of the best-fitting models from
the grid. The models encompass Teff values from 3500 to
7000 K, log(g) values from 1.0 to 5.0, and [Fe/H] values
from −2.5 to +0.5 (see Everett et al. 2013, for details).
The model fits mainly use the spectral lines from 460 to
490 nm.
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Table 2. Summary of KOI Host Stars with Spectroscopic Observations
KOI KICID CP PC FP Rp,min KOI(Rp,min) Teq,min KOI(Teq,min) Kp V Ks Observatories
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
1 11446443 1 0 0 12.9 1.01 1344 1.01 11.34 11.46 9.85 Keck,Til
2 10666592 1 0 0 16.4 2.01 2025 2.01 10.46 10.52 9.33 Keck
3 10748390 1 0 0 4.8 3.01 801 3.01 9.17 9.48 7.01 Keck
4 3861595 0 1 0 13.1 4.01 2035 4.01 11.43 11.59 10.19 Keck,NOT,Til
5 8554498 0 2 0 0.7 5.02 1124 5.02 11.66 11.78 10.21 Keck,McD,Til
6 3248033 0 0 1 50.7 6.01 2166 6.01 12.16 12.33 10.99 Keck,McD,Til
7 11853905 1 0 0 4.1 7.01 1507 7.01 12.21 12.39 10.81 Keck,McD,Til
8 5903312 0 0 1 2.0 8.01 1752 8.01 12.45 12.62 11.04 Keck,Til
10 6922244 1 0 0 14.8 10.01 1521 10.01 13.56 13.71 12.29 Keck,NOT
11 11913073 0 0 1 10.5 11.01 1031 11.01 13.50 13.75 11.78 Keck,Til
12 5812701 1 0 0 14.6 12.01 942 12.01 11.35 11.39 10.23 Keck,McD,Til
13 9941662 1 0 0 25.8 13.01 3560 13.01 9.96 9.87 9.43 KP-4,Keck,Til
14 7684873 0 0 1 5.9 14.01 2405 14.01 10.47 10.62 9.84 KP-4,McD,Til
16 9110357 0 0 1 12.6 16.01 4255 16.01 13.57 13.61 12.64 Til
17 10874614 1 0 0 13.4 17.01 1355 17.01 13.30 13.41 11.63 Keck,McD,NOT
18 8191672 1 0 0 15.3 18.01 1640 18.01 13.37 13.47 11.77 Keck,NOT
19 7255336 0 1 0 33.1 19.01 2124 19.01 11.37 11.84 10.26 Til
20 11804465 1 0 0 18.2 20.01 1338 20.01 13.44 13.58 12.07 Keck,NOT
22 9631995 1 0 0 12.2 22.01 1000 22.01 13.44 13.64 12.04 Keck,NOT
23 9071386 0 0 1 18.0 23.01 1398 23.01 12.29 12.42 11.07 Til
24 4743513 0 0 1 7.7 24.01 1502 24.01 12.96 13.19 11.60 Til
25 10593759 0 1 0 22.4 25.01 1444 25.01 13.50 13.82 12.15 Til
28 4247791 0 0 1 83.1 28.01 1412 28.01 11.26 11.79 10.29 Til
31 6956014 0 0 1 45.3 31.01 6642 31.01 10.80 11.92 7.94 Til
41 6521045 3 0 0 1.3 41.02 674 41.03 11.20 11.36 9.77 Keck,McD,Til
42 8866102 1 0 0 2.5 42.01 859 42.01 9.36 9.60 8.14 Keck,McD,Til
44 8845026 0 0 1 11.9 44.01 462 44.01 13.48 13.71 11.66 Keck,McD,Til
46 10905239 2 0 0 0.9 46.02 1075 46.02 13.77 13.80 12.01 Keck,McD
49 9527334 1 0 0 2.7 49.01 886 49.01 13.70 13.56 11.92 Keck,McD
51 6056992 0 1 0 49.8 51.01 833 51.01 13.76 14.02 14.31 Til
63 11554435 1 0 0 5.6 63.01 789 63.01 11.58 11.81 10.00 Keck,Til
64 7051180 0 1 0 10.3 64.01 2007 64.01 13.14 13.45 11.23 Keck,Til
69 3544595 1 0 0 1.6 69.01 1039 69.01 9.93 10.20 8.37 Keck,McD,NOT,Til
70 6850504 5 0 0 0.8 70.04 397 70.03 12.50 12.70 10.87 KP-4,Keck,McD,NOT
72 11904151 2 0 0 1.5 72.01 521 72.02 10.96 11.16 9.50 Keck,Til
74 6889235 0 0 1 4.5 74.01 2118 74.01 10.96 10.93 10.70 KP-4,McD,NOT,Til
75 7199397 0 1 0 10.5 75.01 596 75.01 10.77 10.94 9.39 Keck,McD,Til
76 9955262 0 1 0 8.2 76.01 695 76.01 10.14 10.40 9.11 Keck,NOT,Til
80 9552608 0 0 1 864.5 80.01 1966 80.01 11.31 11.35 10.59 McD,Til
Note—The full table is available in a machine-readable form in the online journal. A portion is shown here for guidance regarding content
and form.
Column (1) lists the KOI number of the star, column (2) its identifier from the Kepler Input Catalog (KIC), columns (3) to (5) the number of
confirmed planets (CP), planet candidates (PC), and false positives (FP), respectively, in the system, column (6) the radius of the smallest
planet in the system (in R⊕) and column (7) its KOI number, column (8) the equilibrium temperature of the coolest planet in the system
(in K) and column (9) its KOI number, columns (10) to (11) the Kepler, V , and Ks magnitudes of the KOI host stars, and column (13) the
observatories where data were taken. Note that if a system contains both planets and false positives, only the planets are used to determine
the smallest planet radius and lowest equilibrium temperature. The abbreviations in column (13) identify the following telescopes: KP-4 –
Kitt Peak 4-m, Keck – Keck I, McD – McDonald 2.7-m, NOT – Nordic Optical Telescope, Til – Tillinghast.
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Table 3. Summary of KFOP Spectroscopic Observations of Kepler Stars (Standard Stars,
KOI Host Stars)
KOI KICID Group Telescope Instrument R Wavelengths SNR λSNR Obs. Date
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
0 1255848 2 Til TRES 44000 385-910 154.8 511 2014-06-12
0 1430163 2 Til TRES 44000 385-910 57.3 511 2014-06-07
0 1435467 1 Keck HIRES 60000 320-800 87.0 550 2014-08-22
0 1435467 1 McD Tull 60000 376-1020 71.4 565 2014-07-22
0 1435467 1 Til TRES 48000 505-535 58.6 511 2011-07-14
0 1725815 2 Til TRES 44000 385-910 41.7 511 2014-06-15
0 2309595 2 Til TRES 44000 385-910 38.4 511 2014-06-15
0 2450729 2 Til TRES 44000 385-910 43.1 511 2014-06-16
0 2685626 2 Til TRES 44000 385-910 68.6 511 2014-04-22
0 2837475 1 Til TRES 48000 505-535 54.9 511 2011-07-09
0 2837475 1 KP-4 RC Spec 3000 380-490 40.0 440 2014-06-08
0 2837475 1 McD Tull 60000 376-1020 73.4 565 2014-07-03
0 2837475 1 Keck HIRES 60000 320-800 85.0 550 2014-08-22
0 2849125 2 Til TRES 44000 385-910 45.7 511 2014-06-13
0 2852862 1 McD Tull 60000 376-1020 72.0 565 2014-07-25
0 2852862 1 Til TRES 44000 385-910 22.9 511 2014-07-14
0 2852862 1 Keck HIRES 60000 364-800 85.0 520 2011-07-26
0 2852862 1 Til TRES 44000 385-910 46.8 511 2014-06-04
0 2865774 2 Til TRES 44000 385-910 38.6 511 2014-06-23
0 2991448 2 Til TRES 44000 385-910 36.4 511 2014-06-15
0 2998253 2 Til TRES 44000 385-910 43.6 511 2014-06-16
0 3112152 2 Til TRES 44000 385-910 42.3 511 2014-06-13
0 3112889 2 Til TRES 44000 385-910 44.1 511 2014-06-13
0 3115178 2 Til TRES 44000 385-910 41.0 511 2014-06-14
0 3123191 2 Til TRES 44000 385-910 45.8 511 2014-06-04
0 3207108 2 Til TRES 44000 385-910 72.9 511 2014-04-21
0 3212440 2 Til TRES 44000 385-910 38.1 511 2014-04-25
0 3223000 2 Til TRES 44000 385-910 64.1 511 2014-05-21
0 3236382 2 Til TRES 44000 385-910 45.5 511 2014-06-15
0 3241581 2 Til TRES 44000 385-910 46.6 511 2014-06-16
0 3329196 2 Til TRES 44000 385-910 43.2 511 2014-05-18
0 3344897 2 Til TRES 44000 385-910 44.0 511 2014-06-15
0 3424541 1 McD Tull 60000 376-1020 74.0 565 2014-07-03
0 3424541 1 Til TRES 44000 385-910 51.8 511 2014-05-15
0 3424541 1 Keck HIRES 60000 320-800 83.0 550 2014-08-22
0 3427720 1 Til TRES 48000 505-535 65.7 511 2011-07-14
0 3427720 1 KP-4 RC Spec 3000 380-490 41.1 440 2014-06-10
0 3427720 1 McD Tull 60000 376-1020 74.3 565 2014-07-03
0 3427720 1 Keck HIRES 60000 364-800 85.0 520 2011-07-26
Note—The full table is available in a machine-readable form in the online journal. A portion is shown here
for guidance regarding content and form.
Column (1) lists the KOI number of the star (if 0, the star is in the Kepler field, but was not identified
as a KOI), column (2) its identifier from the Kepler Input Catalog (KIC), column (3) identifies whether
the target is a platinum standard (1), gold standard (2), or just a KOI host star (0), column (4) the
telescope where the images were taken (see the notes of Table 2 for an explanation of the abbreviations),
column (5) the instrument used, column (6) the resolving power, column (7) the wavelengths covered by
the spectrograph in nm, column (8) the signal-to-noise ratio of the spectrum at the wavelength (in nm)
specified in column (9), and column (11) the date of the observation (in year-month-day format).
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SpecMatch. The SpecMatch code was developed
for Keck/HIRES spectra (Petigura 2015). SpecMatch
fits an observed stellar spectrum by interpolating be-
tween a grid of model spectra from Coelho et al. (2005),
spanning 3500–7500 K in Teff , 1.0–5.0 in log(g), and
−2.0 to +0.5 dex in [Fe/H]. SpecMatch also accounts for
instrumental and rotational-macroturbulent broadening
by convolution with appropriate broadening kernels. As
with the Tull spectra, only certain wavelength regions of
the high-resolution spectra are used to determine best-
fit stellar parameters.
Recently, Petigura et al. (2017) presented results of
the California-Kepler Survey on 1305 KOI host stars, of
which about 300 are also included in this work. They an-
alyzed HIRES spectra of the stars with SpecMatch and
SME@XSEDE, a descendant of SME (Valenti & Piskunov
1996), resulting in improved stellar parameters (Johnson
et al. 2017). However, the stellar parameters presented
in this work are the ones that were incorporated into the
latest Kepler stellar table (DR25; Mathur et al. 2017),
and so we did not update them to the newest version.
5. RESULTS
5.1. Standard Stars
5.1.1. Platinum Standard Stars
The stellar parameters derived for the set of platinum
stars using SPC, Kea, Newspec, and SpecMatch are listed
in Table 4. As mentioned in section 3, all 101 platinum
stars were observed at Keck, while at the Tillinghast 1.5-
m, McDonald 2.7-m, and KPNO 4-m telescopes 99, 100,
and 32 stars, respectively, were observed. However, not
all spectra allowed the extraction of stellar parameters; 3
of the Keck spectra, 4 of the Tillinghast spectra, and 3 of
the KPNO spectra did not result in stellar parameters.
Figure Set 6 compares the values for Teff , log(g), and
[Fe/H] of the platinum standard stars obtained at differ-
ent observatories and with different analysis pipelines,
and Table 5 lists the average values and standard de-
viations of the differences of these parameter values.
These comparisons are done for pairs of parameter sets;
therefore, in some cases only somewhat more than 25
values can be compared, while in other cases there are
over 90 stars with parameters derived from spectra from
two telescopes (e.g., the Tillinghast and McDonald data,
Fig. 6.1).
The agreement in the derived effective temperatures
can be gauged from the differences of individual val-
ues derived from different data sets (see Table 5). The
average of these differences ranges from −31 to 36 K,
indicating no significant systematic offsets. The stan-
dard deviation of the differences is about twice as large
as the 1-σ uncertainties of ∼ 50-75 K for the individual
measurements, so there are some disagreements. Trends
can be seen in Figure Set 6: the Teff values below about
5500 K derived with Kea or SpecMatch are lower by ∼
100-200 K than those derived with SPC, but there is a
close match at higher temperatures. Furthermore, the
Teff values derived with Newspec are ∼ 75-150 K larger
than those derived with the other pipelines for the few
stars found at the highest temperatures (& 6400 K).
There are larger disagreements in the derived log(g)
and [Fe/H] values. The standard deviation of the differ-
ence in log(g) values from different analysis codes ranges
from 0.14 to 0.29 dex (with average values for the differ-
ence between 0.003 and 0.16 dex), which is larger than
most 1-σ uncertainties of 0.1 dex. The SpecMatch and
Kea log(g) values are very similar for the majority of
stars (∆ log(g) = 0.003 ± 0.14, which is the best agree-
ment among the different pairs of results); there is just
a trend of somewhat larger SpecMatch values (by about
0.1 dex) below log(g) ∼ 4.0. Comparing Newspec and
SPC values, the former are larger at SPC-derived log(g)
. 4.2 (by up to 0.6 dex at log(g) ∼ 3.6-3.8, but with
smaller differences as log(g) increases) and about 0.1 dex
smaller at log(g) & 4.4. The largest differences overall
can be found for the SPC and Kea results, which is also
reflected in their standard deviation of 0.29 dex. When
comparing the results from these two sets, the Kea val-
ues for log(g) are usually larger, except for a cluster
of values with log(g)=3.1–3.6 that are lower than those
found with SPC by up to 0.7 dex. This cluster of lower
log(g) values can also be seen in the comparison be-
tween SPC and SpecMatch results; the latter values are
lower. There are two outliers that stand out in the com-
parison of Newspec, Kea, and SpecMatch results: KIC
11968749, for which the Kea and SpecMatch log(g) val-
ues are 3.42±0.08 and 3.34±0.1, respectively, compared
to 4.07±0.15 for the Newspec value, and KIC 8760414,
for which the Kea and SpecMatch values are 4.33±0.25
and 3.83±0.1, respectively. The latter star also has dis-
crepant Teff values.
For the [Fe/H] values, the average differences in val-
ues from different analysis codes lie between −0.03 to
0.13, with the standard deviation of the differences rang-
ing from 0.05 to 0.09 dex, which is comparable to the
mean 1-σ uncertainties of 0.04-0.10 dex. The values
from SPC and SpecMatch agree broadly over the whole
range of metallicities. There is also overall good agree-
ment among the metallicities derived with SPC and Kea;
however, at the largest [Fe/H] values (& 0.2 from SPC),
the Kea values are lower than the SPC values by about
0.1–0.2 dex. Compared to the Kea values, those from
SpecMatch are on average larger by ∼ 0.05–0.1 dex.
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Figure 6. Comparison of Teff (left), log(g) (middle), and [Fe/H] (right) determined for the platinum standard stars observed at
the Tillinghast 1.5-m and the McDonald 2.7-m telescopes and analyzed with SPC and Kea, respectively (95 stars in common).
The top row shows the parameter values of the two sets plotted versus each other (large panels) and the differences in parameter
values vs. the values determined with SPC and Kea (smaller panels). The magenta line in the smaller panels represents a running
median. The bottom row shows the histograms of the differences in parameter values. Only the first comparison plot is shown
here; the complete figure set (6 plots) is shown in Appendix B.
Table 5. Average and Standard Deviation of the Differences in Stellar Parameters for the Platinum Standard
Stars Derived by Different Groups and also Compared to the KIC
SPC Kea SpecMatch Newspec
∆Teff = −31± 106 K ∆Teff = 1± 84 K ∆Teff = 11± 106 K
SPC · · · ∆ log(g) = 0.04± 0.29 ∆ log(g) = 0.03± 0.23 ∆ log(g) = 0.16± 0.24
∆[Fe/H]) = −0.03± 0.09 ∆[Fe/H]) = 0.04± 0.05 ∆[Fe/H]) = 0.12± 0.08
∆Teff = 36± 84 K ∆Teff = 18± 69 K
Kea see first row · · · ∆ log(g) = 0.003± 0.14 ∆ log(g) = 0.03± 0.18
∆[Fe/H]) = 0.07± 0.09 ∆[Fe/H]) = 0.13± 0.09
∆Teff = −9± 74 K
SpecMatch see first row see second row · · · ∆ log(g) = 0.11± 0.19
∆[Fe/H]) = 0.08± 0.08
∆Teff = −117± 138 K ∆Teff = −84± 111 K ∆Teff = −127± 123 K ∆Teff = −131± 115 K
KIC ∆ log(g) = 0.06± 0.37 ∆ log(g) = 0.01± 0.32 ∆ log(g) = 0.02± 0.31 ∆ log(g) = −0.16± 0.26
∆[Fe/H]) = −0.19± 0.25 ∆[Fe/H]) = −0.15± 0.25 ∆[Fe/H]) = −0.23± 0.25 ∆[Fe/H]) = −0.26± 0.19
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Figure 7. Comparison of the differences of Teff , log(g), and [Fe/H] values determined for the platinum standard stars with
different analysis codes (see label) versus the values obtained with SPC.
When comparing the metallicities derived with Newspec
to those derived with SPC, Kea, or SpecMatch, the
Newspec values are, with just a few exceptions, larger
(on average by 0.08-0.13; see Table 5), with much larger
discrepancies (> 0.25 dex) at lower metallicities.
To see whether the differences in derived parameter
values for the platinum stars are correlated with the
other stellar parameters, these differences are shown as
a function of parameter values derived with SPC and Kea
in Figures 7 and 8, respectively. The clearest trend can
be seen for the log(g) values: for lower stellar effective
temperatures (. 5500 K), the SPC values and, to a lesser
extent, the SpecMatch values are larger than those de-
rived with Kea; the opposite trend can be observed at
Teff & 5800 K. The stars for which ∆ log(g) is most neg-
ative (. -0.3) in Figure 7 (or & 0.3 in Figure 8) have
temperatures below 5300 K, placing them into the giant
regime (see Figure 3). These are also the stars for which
Kea derived log(g) values of 3.1–3.6 (and SpecMatch val-
ues just 0.1-0.2 dex larger than these), while SPC found
values of 3.5–4.1. It is likely that for these giant stars
the log(g) values derived with SPC are too high. Stars
for which the [Fe/H] values from SPC are larger than
those from Kea have Teff . 5700 K and log(g) . 3.8-4.0.
Also, stars for which the temperatures derived with Kea
are smaller than those derived with SPC have log(g) .
3.8-4.0.
In Figure Set 9 we show how the differences in stellar
parameters derived for the platinum stars with different
analysis codes correlate with each other. In particu-
lar when comparing the SPC and Kea values, it is clear
that changes in one parameter set are strongly corre-
lated with changes in another parameter set (Pearson
correlation coefficient of 0.7-0.8). So, if Kea yielded a
larger surface gravity, it also resulted in higher effective
temperatures and higher metallicities. The strong posi-
tive correlation between ∆Teff and ∆ log(g) is also found
when comparing SPC and SpecMatch results. The other
plots show overall weaker, but still positive, correlations.
We also compared the stellar parameters of the plat-
inum standard stars derived from KFOP observations to
those in the KIC. The uncertainties in the KIC are fairly
large: 0.4 dex for log(g), 0.3 dex for [Fe/H], and about
3.5% (or about 200 K) for Teff (Huber et al. 2014). In Ta-
ble 5, we list the average and standard deviation of the
difference in values derived from the FOP spectra and
those from the KIC. The standard deviations amount
to ∼ 110–140 K for Teff , 0.26–0.37 dex for log(g), and
0.19–0.25 dex for [Fe/H]. On average, the effective tem-
peratures and metallicities derived from spectroscopic
follow-up observations are higher than those listed in
the KIC by 115 K and 0.21 dex, respectively. Thus,
overall the KIC values and those derived from follow-up
spectra agree within the uncertainties of the KIC values,
but there seem to be systematic differences.
14 Furlan et al.
−0.6
−0.4
−0.2
0.0
0.2
0.4
0.6
∆
 l
o
g
( g
)
SPC-Kea
SpecMatch-Kea
Newspec-Kea
−100
0
100
200
300
∆
 T
e f
f
 [
K
]
Platinum Stars
−100
0
100
200
300
∆
 T
e f
f
 [
K
]
5000 5500 6000 6500
Teff [K]  (Kea)
−0.2
−0.1
0.0
0.1
0.2
0.3
∆
 [
F e
/ H
]
3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8
log(g)  (Kea)
−0.2
−0.1
0.0
0.1
0.2
0.3
∆
 [
F e
/ H
]
−0.8 −0.6 −0.4 −0.2 0.0 0.2 0.4 0.6
[Fe/H] (Kea)
−0.6
−0.4
−0.2
0.0
0.2
0.4
0.6
∆
 l
o
g
( g
)
Figure 8. Similar to Figure 7, but with the differences of parameter values plotted versus the values obtained with Kea.
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(bottom row) determined with asteroseismology (DR25 input values) and determined from spectra.
Given the selection criteria of the platinum stars, the
log(g) values used as input for the DR24 and DR25
stellar catalogs are very reliable, since they were de-
rived using asteroseismology. Using the input values
for the DR25 catalog, we find the average and median
log(g) uncertainties of the platinum stars to be both
0.01 dex (compared to 0.3 and 0.4 dex, respectively, for
all stars in the Kepler Stellar Properties Catalog). On
the other hand, the Teff and [Fe/H] input values of the
platinum stars in the DR25 catalog were adopted from
photometry or spectroscopy, which in some cases were
more uncertain. In Figure 10 we compare the differ-
ence in log(g) values determined from asteroseismology
and those determined from spectroscopy as a function
of stellar parameters derived from spectroscopy. There
are some trends for different data sets: the surface grav-
ities derived with SPC are overestimated by up to ∼ 0.5
dex below ∼ 5500 K and underestimated by an aver-
age of 0.15 dex above ∼ 6000 K. The opposite trend is
seen with metallicities: at subsolar metallicities, the SPC
log(g) values are underestimated by 0.1-0.2 dex, while
at [Fe/H] ∼ 0.4 they are overestimated by an average
of 0.14 dex. The log(g) values derived with Kea show
a similar behavior with metallicities at [Fe/H] values .
−0.4. On the other hand, the surface gravities derived
with Kea are underestimated by about 0.1 dex below
∼ 5300 K and overestimated by a similar amount at &
6200 K. Kea log(g) values in the 3.2-3.6 range are also
underestimated by 0.1-0.15 dex. This trend can also
be seen in the SPC values, but the scatter is larger. The
SpecMatch log(g) values closely match the asteroseismic
values; they represent the best agreement of the four dif-
ferent analysis methods and data sets. Compared to the
other three data sets, there are relatively few stars with
parameters from Newspec. There are noticeable offsets
(∼ 0.2 dex) compared to the asteroseismic log(g) values
at Teff & 6300 K and log(g) & 4.4.
A histogram of the log(g) differences from Figure 10
is shown in Figure 11. The standard deviation of the
differences amounts to 0.1–0.2 dex, with the average dif-
ference between −0.024 and 0.025 for the SPC, Kea, and
SpecMatch results and −0.078 for the Newspec results.
As seen in the previous figure, the closest agreement be-
tween asteroseismic and spectroscopic log(g) values is
found for the SpecMatch values, for which the average
∆ log(g) is −0.014± 0.106.
5.1.2. Gold Standard Stars
Of the 507 gold standard stars observed at the Till-
inghast 1.5-m telescope, 436 have stellar parameters de-
rived with SPC; they are listed in Table 6. Even though
the other three KFOP groups also observed some of the
gold standard stars, almost all of them are also KOI host
stars (see section 3), and therefore their stellar parame-
ters will be presented in section 5.2.
When comparing the stellar parameters for the gold
standard stars from SPC to those from the KIC, we find
similar results as for the platinum stars: the Teff and
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Table 6. Stellar Parameters of the Gold Standard
Stars Derived from Tillinghast Spectra With SPC
KICID KOI Teff log(g) [Fe/H]
(1) (2) (3) (4) (5)
1430163 · · · 6388 ± 50 3.85 ± 0.1 -0.19 ± 0.08
1725815 · · · 6133 ± 50 3.63 ± 0.1 -0.19 ± 0.08
2010607 4929 6132 ± 50 3.65 ± 0.1 -0.07 ± 0.08
2306756 113 5616 ± 50 4.23 ± 0.1 0.46 ± 0.08
2309595 · · · 5212 ± 50 3.86 ± 0.1 -0.06 ± 0.08
2450729 · · · 5861 ± 50 3.96 ± 0.1 -0.25 ± 0.08
2849125 · · · 6114 ± 50 3.88 ± 0.1 0.23 ± 0.08
2865774 · · · 5793 ± 50 4.02 ± 0.1 -0.07 ± 0.08
2991448 · · · 5640 ± 50 3.98 ± 0.1 -0.11 ± 0.08
2998253 · · · 6215 ± 50 4.09 ± 0.1 0.04 ± 0.08
3102384 273 5697 ± 50 4.41 ± 0.1 0.33 ± 0.08
3112152 · · · 5973 ± 50 3.95 ± 0.1 -0.02 ± 0.08
3112889 · · · 6018 ± 50 3.74 ± 0.1 -0.27 ± 0.08
3115178 · · · 5020 ± 50 3.75 ± 0.1 0.11 ± 0.08
3123191 · · · 6266 ± 50 4.14 ± 0.1 -0.12 ± 0.08
3223000 · · · 6234 ± 50 4.32 ± 0.1 -0.15 ± 0.08
3236382 · · · 6641 ± 50 3.99 ± 0.1 -0.11 ± 0.08
3241581 · · · 5750 ± 50 4.42 ± 0.1 0.28 ± 0.08
3329196 · · · 5156 ± 50 3.91 ± 0.1 -0.14 ± 0.08
3344897 · · · 6271 ± 50 3.71 ± 0.1 -0.1 ± 0.08
3430893 · · · 6105 ± 50 4.04 ± 0.1 0.04 ± 0.08
3437637 · · · 5468 ± 49 3.88 ± 0.1 -0.18 ± 0.08
3438633 · · · 6002 ± 50 3.57 ± 0.1 -0.3 ± 0.08
3456181 · · · 6214 ± 50 3.6 ± 0.1 -0.26 ± 0.08
3531558 118 5711 ± 50 4.13 ± 0.1 0.01 ± 0.08
3534307 · · · 5699 ± 49 4.11 ± 0.1 -0.23 ± 0.08
3544595 69 5660 ± 50 4.47 ± 0.1 -0.2 ± 0.08
3545753 · · · 5907 ± 50 3.67 ± 0.1 -0.26 ± 0.08
3547794 · · · 6299 ± 50 3.55 ± 0.1 -0.36 ± 0.08
3630240 · · · 5245 ± 50 3.56 ± 0.1 -0.49 ± 0.08
3633847 · · · 6096 ± 50 4.09 ± 0.1 0.12 ± 0.08
3633889 · · · 6364 ± 50 4.19 ± 0.1 -0.12 ± 0.08
3640905 1221 5090 ± 50 3.83 ± 0.1 0.28 ± 0.08
3642422 · · · 5295 ± 50 3.78 ± 0.1 0.04 ± 0.08
3643774 · · · 5955 ± 50 4.13 ± 0.1 0.15 ± 0.08
3657002 · · · 5883 ± 50 4.08 ± 0.1 0.02 ± 0.08
3661135 · · · 5611 ± 50 3.93 ± 0.1 -0.02 ± 0.08
3730801 · · · 5934 ± 50 4.25 ± 0.1 0.28 ± 0.08
3854781 · · · 5722 ± 50 4.08 ± 0.1 0.36 ± 0.08
3942719 · · · 5561 ± 50 3.76 ± 0.1 -0.41 ± 0.08
3952307 · · · 6077 ± 50 3.77 ± 0.1 -0.05 ± 0.08
3952580 · · · 6074 ± 50 3.59 ± 0.1 -0.07 ± 0.08
3967430 · · · 6612 ± 50 4.17 ± 0.1 -0.04 ± 0.08
3967859 · · · 5896 ± 50 4.18 ± 0.1 -0.33 ± 0.08
4038445 · · · 5195 ± 50 3.77 ± 0.1 -0.6 ± 0.08
Note—The full table is available in a machine-readable form
in the online journal. A portion is shown here for guidance
regarding content and form.
Column (1) lists the identifier of the star from the Kepler
Input Catalog (KIC), column (2) the KOI number of the
star (if available), and columns (3)-(5) the stellar parame-
ters derived from spectra from the Tillinghast telescope.
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Figure 12. Comparison of Teff (left), log(g) (middle), and [Fe/H] (right) determined for the KOI host stars with SPC and
Kea.The top row shows the parameter values of the two sets plotted versus each other (large panels) and the differences in
parameter values vs. the values determined with SPC and Kea (smaller panels). The bottom row shows the histograms of the
differences in parameter values (172 stars in common). Only the first comparison plot is shown here; the complete figure set (6
plots) is shown in Appendix B.
[Fe/H] values derived with SPC are typically larger (on
average by 105 K and 0.25 dex, respectively) than those
listed in the KIC. The average difference in log(g) values
amounts to -0.15 dex, which implies that KIC log(g)
values tend to be larger for the majority of the gold
standard stars. For all three stellar parameters there
is a trend of largest differences between SPC and KIC
values at the lowest parameter values and decreasing
differences as the parameter values increase. This can
also be seen for the smaller sample of platinum stars.
In Figure 10 (bottom row) we compare the difference
in log(g) values from asteroseismology (i.e., the input
values of the DR25 stellar catalog) and those derived
with SPC (Figure 11, bottom row, shows the histogram
of log(g) differences). As we found for the surface grav-
ities derived with SPC for the platinum stars, they are
overestimated below about 5600 K and underestimated
at subsolar metallicities. In addition, the spectroscopic
log(g) are also underestimated for surface gravities be-
low about 4.0 and are overestimated at the highest
values measured for surface gravities and metallicities.
The average difference between the asteroseismic and
spectroscopic log(g) values amounts to 0.010 dex with a
standard deviation of 0.207.
5.2. KOI Host Stars
The stellar parameters Teff , log(g), and [Fe/H] of KOI
host stars derived from spectra obtained and analyzed
by the KFOP teams are listed in Table 7. Not all 2667
unique KOI host stars observed at the Tillinghast 1.5-
m, NOT 2.6-m, McDonald 2.7-m, KPNO 4-m, and Keck
10-m telescope have derived stellar parameters; spectra
from these five facilities yielded stellar parameters for
1816 unique KOI host stars. Moreover, SPC was mostly
used on combined data sets from the Tillinghast, NOT,
McDonald, and Keck telescope. Overall, SPC yielded
parameters for 469, Kea for 944, SpecMatch for 262, and
Newspec for 591 KOI host stars. Similar to Figure Set
6, Figure Set 12 compares these parameters for those
stars observed by more than one team. There is not
much overlap in targets in the results from SPC, Kea,
Newspec, and SpecMatch (at most 172, as little as 47),
since, as mentioned in section 3, in general duplicate
observations at different facilities were avoided.
From Figure Set 12, there is generally broad agree-
ment in derived stellar parameters (see also Table 8).
The closest match is seen for the SPC and SpecMatch
results, which have the smallest dispersion in parame-
ter differences; there is also no significant offset. The
largest differences are found for the Kea and Newspec
results; besides a large dispersion, on average there is
20 Furlan et al.
Table 8. Average and Standard Deviation of the Differences in Stellar Parameters for the KOI Host Stars Derived by
Different Groups and also Compared to the KIC
SPC Kea SpecMatch Newspec
∆Teff = −70± 220 K ∆Teff = −19± 69 K ∆Teff = −40± 96 K
(−40± 155 K) (−19± 69 K) (−40± 96 K)
SPC · · · ∆ log(g) = −0.12± 0.35 ∆ log(g) = −0.01± 0.11 ∆ log(g) = −0.06± 0.18
(−0.08± 0.28) (−0.01± 0.11) (−0.06± 0.18)
∆[Fe/H]) = −0.05± 0.16 ∆[Fe/H]) = −0.03± 0.08 ∆[Fe/H]) = −0.03± 0.14
(−0.05± 0.15) (−0.03± 0.08) (−0.03± 0.14)
∆Teff = 100± 304 K ∆Teff = 127± 307 K
(17± 98 K) (−33± 162 K)
Kea see first row · · · ∆ log(g) = 0.18± 0.51 ∆ log(g) = 0.22± 0.60
(0.04± 0.19) (−0.03± 0.22)
∆[Fe/H]) = 0.003± 0.13 ∆[Fe/H]) = −0.04± 0.15
(0.03± 0.11) (−0.01± 0.14)
∆Teff = −26± 118 K
(−25± 112 K)
SpecMatch see first row see second row · · · ∆ log(g) = −0.07± 0.27
(−0.06± 0.27)
∆[Fe/H]) = 0.11± 0.13
(0.11± 0.13)
∆Teff = −58± 173 K ∆Teff = 89± 360 K ∆Teff = −41± 373 K ∆Teff = −23± 165 K
KIC ∆ log(g) = 0.01± 0.29 ∆ log(g) = 0.38± 0.59 ∆ log(g) = 0.20± 0.37 ∆ log(g) = 0.22± 0.21
∆[Fe/H]) = −0.27± 0.27 ∆[Fe/H]) = −0.21± 0.29 ∆[Fe/H]) = −0.10± 0.30 ∆[Fe/H]) = −0.20± 0.20
Note—The values in parentheses are the averages and standard deviations calculated when only results from spectra with a signal-to-noise ratio
larger than 20 are included.
an offset of 127 K and 0.22 dex in Teff and log(g) values,
respectively. To a lesser extent, this also applies to the
parameters derived with Kea and SpecMatch. As will
be discussed later (section 6), the observed discrepan-
cies are mostly due to spectra with low signal-to-noise
ratios; if the results from these spectra are excluded,
the stellar parameters are in better agreement. For the
metallicities, the standard deviation of the differences in
parameters values is narrower than for the surface grav-
ities. There is also no systematic offset except for an
average difference of 0.11 between the SpecMatch and
Newspec results.
When looking at the plots in Figure Set 12, there are
some trends and discrepancies. For a few stars, the
log(g) values derived with Kea are lower (. 3.5) than
those derived with SPC and Newspec, which both yield
log(g) of ∼ 4.0–4.5 for these stars (the SpecMatch re-
sults include only three such stars). Compared to the
Kea and Newspec results, the metallicities in the [Fe/H]
> 0.0 range derived with SPC are somewhat larger. The
SpecMatch metallicities are typically lower than the
Newspec metallicities, especially for stars with [Fe/H]
< −0.2. The fewest and smallest discrepancies in stel-
lar parameters are found in the results from SPC and
SpecMatch, as well as SPC and Newspec (Figs. 12.2 and
12.3).
Figure Set 13 compares the stellar parameters derived
with SPC, Kea, SpecMatch, and Newspec with those from
the KIC. As we found for the platinum stars, the spreads
in the differences of parameter values are fairly broad,
amounting on average to ∼ 270 K, 0.37, and 0.27 for
Teff , log(g), and [Fe/H], respectively. Systematic offsets
are typically smaller than these values. There are also
trends in each result set. The Newspec log(g) values are
almost all smaller and the [Fe/H] values are almost all
larger (both by up to 0.8 dex) than the KIC values; a
comparable trend in log(g) values can also be seen for
the SpecMatch and Kea results, while a similar trend in
the [Fe/H] values is apparent in the SPC and Kea results.
As a final comparison, in Figure Set 14 we compare the
stellar parameters derived by the KFOP teams with the
input values of the DR25 stellar catalog (Mathur et al.
2017). These input values have various origins, such as
spectroscopy3, photometry, and asteroseismology. For
the KOI host stars, 73% of Teff and [Fe/H] input values
were not determined from spectroscopy; the average un-
certainties of these stellar parameters are about a factor
of two larger than those of Teff and [Fe/H] values de-
3 The original input tables of Mathur et al. (2017) had erroneous
metallicities for 779 KOIs, where the wrong values from KFOP-
delivered results were adopted. For this comparison we used the
corrected input values.
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Figure 13. Comparison of Teff (left), log(g) (middle), and [Fe/H] (right) determined for the KOI host stars with SPC and the
values from the KIC. The top row shows the parameter values of the two sets plotted versus each other (large panels) and the
differences in parameter values vs. the values determined with SPC and the values from the KIC (smaller panels). The bottom
row shows the histograms of the differences in parameter values. Only the first comparison plot is shown here; the complete
figure set (4 plots) is shown in Appendix B.
termined from spectra (180 vs. 93 K and 0.29 vs. 0.15
dex, respectively). Just 3% of the DR25 input log(g)
values of KOI host stars were determined from aster-
oseismology; they are the most accurate values, with
mean uncertainties less than a tenth those of the other
log(g) values (0.026 vs. 0.313 dex).
When comparing the stellar parameters derived with
SPC for the KOI host stars with the DR25 input val-
ues (Fig. 14.1), about three-quarters of parameters val-
ues are the same. Except for four [Fe/H] values, these
matching parameter values in the DR25 catalog were
derived from spectroscopy; moreover, many of the stel-
lar parameters from spectroscopy that were adopted as
DR25 input values were derived with SPC. In the com-
parison of Kea DR25 input values (see Fig. 14.2), only
about one-quarter of Teff , log(g), and [Fe/H] values are
the same. Kea effective temperatures and surface gravi-
ties tend to be lower than the DR25 values, while metal-
licities tend to be larger. In addition, about 25% of the
DR25 Teff and [Fe/H] values shown in this figure were
not derived from spectroscopy; the former tend to be
higher, while the latter tend to be lower than the Kea
values. A similar trend can be seen in the comparison
of SpecMatch and DR25 input values (Fig. 14.3), where
also about 23% of Teff and [Fe/H] values were not de-
rived from spectroscopy. For the Newspec sample (see
Fig. 14.4), only ∼ 6% of stars have non-spectroscopically
derived DR25 Teff and [Fe/H] values; about 75% of stars
have the same effective temperatures and surface grav-
ities derived with Newspec and as DR25 input values.
Of the KOI host stars with log(g) values derived with
SPC, Kea, SpecMatch, and Newspec, 14%, 4%, 13%,
and 2%, respectively, of the corresponding DR25 input
values were derived from asteroseismology. On aver-
age, the spectroscopically derived log(g) values match
those from asteroseismology well (average differences are
within 0.05 dex), but there are individual values that are
more discrepant.
5.2.1. KOI Host Stars with Companions
In the work summarizing the Kepler imaging follow-up
observations, Furlan et al. (2017) compiled a catalog of
2297 companions within 4′′ around 1903 KOI host stars;
not all of these stars are likely bound, but they nonethe-
less contaminate the flux measured from the “primary”
star, especially if the projected separation is . 2′′.
In Figures 15 to 17 we compare the cumulative dis-
tributions of stellar parameters derived with SPC, Kea,
SpecMatch, and Newspec between KOI host stars with a
detected companion within 2′′ and those without (note
that even apparently single stars could have compan-
ions, since not all KOI host stars were targeted by high-
22 Furlan et al.
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Figure 14. Comparison of Teff (left), log(g) (middle), and [Fe/H] (right) determined for the KOI host stars with SPC and the
DR25 input values from Mathur et al. (2017). The top row shows the parameter values of the two sets plotted versus each other
(large panels) and the differences in parameter values vs. the values determined with SPC and the DR25 input values (smaller
panels). The bottom row shows the histograms of the differences in parameter values. The purple crosses identify those DR25
input values for Teff and [Fe/H] that were not determined from spectroscopy, while the red circles identify DR25 input values
for log(g) from asteroseismology. Only the first comparison plot is shown here; the complete figure set (4 plots) is shown in
Appendix B.
resolution follow-up observations, and very close and
faint companions could have been missed in follow-up
images). Two-sample Kolmogorov-Smirnov (K-S) tests
yield that the distributions of stellar parameters of sin-
gle and of multiple stars are typically consistent with
being drawn from the same distribution. In particular,
the p-values for the distributions of stellar parameters
derived with SPC and Newspec range from 0.19 to 0.88.
For stellar parameters derived with Kea, there is also
no statistically significant difference except for the dis-
tribution of [Fe/H] values, which have p =0.012. For
Teff and [Fe/H] values from SpecMatch, the K-S test
yields p =0.02, while for log(g) values p =0.11. If we re-
strict the sample of multiple stars to those with at least
one companion star within 2′′ with a magnitude differ-
ence of at most 0.75 (corresponding to a primary-over-
secondary flux ratio of at most 2), the p-values of the
resulting K-S tests are all larger than 0.2 with the excep-
tion of the distributions of Teff and [Fe/H] values from
Kea (p =0.03 and 0.06, respectively). We conclude that
the sample of KOI host stars with companions does not
have a significantly different distribution of stellar pa-
rameters compared to apparently single KOI host stars.
Also, the presence of a companion within 2′′ does not
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Figure 15. Cumulative distributions of effective tem-
peratures determined with SPC (top left), Kea (top right),
SpecMatch (bottom left), and Newspec (bottom right) for KOI
host stars that are single or have companions > 2′′ (black)
and those KOI host stars found to have companions within
2′′ (purple).
bias the values of stellar parameters derived from spec-
troscopy.
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Figure 16. Similar to Figure 15, but for the surface gravi-
ties.
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Figure 17. Similar to Figure 15, but for the metallicities.
6. DISCUSSION
We have presented stellar parameters of Kepler stars
derived with four different analysis pipelines using data
from different telescopes and instruments and found
that, where overlap exists, the results broadly agree,
with some discrepancies in certain regimes of parame-
ter space. One apparent factor is the diversity of the
data sets. The resolving power of the spectra plays a
role in the accuracy of the derived stellar parameters.
The spectra obtained at Keck, McDonald, NOT, and
Tillinghast all have a resolving power of ∼ 50,000, while
the spectra from the KPNO 4-m telescope only have R ∼
3,000. These latter, medium-resolution spectra seem to
yield more uncertain results at lower log(g) values and
lower metallicities, where discrepancies with the stel-
lar parameters derived using the higher-resolution spec-
tra are largest. Furthermore, the signal-to-noise ratio
(SNR) of the spectra varies; in general, fainter stars
have lower SNR, but it also depends on the observing
conditions and the adopted integration time. In Fig-
ure Set 18 we show the differences in stellar parameters
derived from different data sets as a function of SNR.
Large discrepancies are evident at the lowest SNR (.
20) – they can explain the clear outliers seen in the
comparison plots of sections 5.1 and 5.2 – but there is
still a spread among values derived from spectra with
higher SNR. This points to additional uncertainties in
the derived stellar parameters due to the use of stellar
templates based on different stellar models and differ-
ent fitting methods. One limitation is also given by the
discrete parameter values in the spectral grid and the
uncertainties in the model spectra.
For the platinum standard stars, the standard devia-
tion of the difference in parameter values derived with
the different analysis tools (SPC, Kea, SpecMatch, and
Newspec) is comparable to the 1-σ uncertainties of most
parameter values except for the surface gravities, where
there is a larger spread. The averages of these standard
deviations (see Table 5) are ∼ 90 K for Teff , 0.2 dex for
log(g), and 0.1 dex for [Fe/H], which are indicative of the
precision of these spectroscopically derived stellar pa-
rameters for brighter stars such as the gold and platinum
standard stars, for which the median signal-to-noise ra-
tio in the observed spectra is about 85. For the KOI host
stars, which are overall fainter than the standard stars
studied in this work, the median signal-to-noise ratio in
the spectra is just ∼ 40. Spectra from Keck have on av-
erage the highest SNR, while spectra from the McDon-
ald Observatory have relatively low SNR, with a median
of 23. As a result, the stellar parameters for the KOI
host stars from Kea are on average more uncertain than
those from the other analysis codes. The averages of the
standard deviations from Table 8 amount to ∼ 185 K for
Teff , 0.3 dex for log(g), and 0.13 dex for [Fe/H]. If we
only include results from spectra with SNR > 20, these
averages decrease to 115 K, 0.2 dex, and 0.125 dex, re-
spectively. These values are just a bit higher than the
results for the platinum stars. Therefore, we suggest a
systematic error floor for spectroscopically derived stel-
lar parameters of ∼ 100 K for Teff , 0.2 dex for log(g),
and 0.1 dex for [Fe/H].
When analyzing the platinum star sample, we usually
found the largest differences in derived stellar parame-
ters at the largest or smallest values. In particular, for
cooler stars (Teff . 5500 K) the effective temperatures
and surface gravities derived with Kea and SpecMatch
are typically lower than those derived with SPC, while
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Figure 18. Difference of Teff (left) log(g) (middle), and [Fe/H] (right) values determined with SPC and Kea vs. the signal-to-noise
of the spectra used an input for Kea. Stellar parameter differences for KOI host stars are shown in a lighter color, while those
for the standard stars are shown in a darker color. Only the first comparison plot is shown here; the complete figure set (6
plots) is shown in Appendix B.
the metallicities derived with Kea are also smaller than
those derived with SPC. These cooler stars are almost
exclusively giant stars (see Figure 3), suggesting that
their stellar parameters are more uncertain.
We also found that the differences in parameter val-
ues for Teff , log(g), and [Fe/H] are positively correlated.
Given that all four analysis codes used in this work, SPC,
Kea, Newspec, and SpecMatch, rely on fitting observed
spectra to a grid of model spectra, the resulting stellar
parameters are affected by degeneracies between them.
As noted by Torres et al. (2012), when using the spectral
synthesis technique, the surface gravity is usually cor-
related with the effective temperature and metallicity;
therefore, when a different analysis yields larger log(g)
values, the Teff and [Fe/H] values are typically larger,
too. This effect varies depending on the stellar mod-
els and spectral lines used to derive stellar parameters
(Torres et al. 2012). Spectral line analysis, in which the
equivalent widths of certain lines are analyzed, are less
affected by parameter degeneracies (Torres et al. 2012;
Mortier et al. 2013, 2014). Another method commonly
used to constrain surface gravities of transiting planet
host stars is to derive stellar densities directly from the
transit light curve, which then yields the surface gravity
through isochrone fits (Sozzetti et al. 2007). Thus, dif-
ferent methods and constraints can reduce uncertainties
in derived stellar parameters.
The results from the KFOP and other teams’ spec-
troscopy were incorporated in the Q1-Q17 DR25 stellar
table (Mathur & Huber 2016; Mathur et al. 2017). Of
the KOI host stars in that table, ∼ 25-30% have spec-
troscopically determined Teff , log(g), and [Fe/H] input
values. The majority of the log(g) and [Fe/H] values of
KOI host stars in the DR25 table were adopted from the
KIC (59% and 66%, respectively), while most of the Teff
values (58%) were determined from photometry. While
spectroscopy is necessary to derive more reliable Teff and
[Fe/H] for stars, asteroseismology is more precise in de-
riving log(g) values (Huber et al. 2013; Mortier et al.
2014; Pinsonneault et al. 2014). All the platinum stars
have asteroseismic log(g) values (only 3% of KOI host
stars do); their main uncertainty in the DR25 stellar ta-
ble is just 0.01 dex. When comparing their spectroscop-
ically derived log(g) values to their asteroseismic ones,
the differences in values seem to be correlated with the
stellar parameters, with the largest deviations at the
lower and higher end of values. On average, most values
agree within 0.025 dex, but the spread is about 0.1–0.2
dex. The SpecMatch results are in closest agreement
with the asteroseismic log(g) values.
As shown in our figures for the gold and platinum
stars and mentioned in other work (Verner et al. 2011;
Pinsonneault et al. 2012; Everett et al. 2013; Chaplin et
al. 2014; Huber et al. 2014), the stellar parameters from
the KIC are often very uncertain and have systematic
offsets; obtaining spectra for KOI host stars, especially
hosts to planet candidates, is crucial. In the latest stellar
parameters table for KOI host stars (Mathur & Huber
2016; Mathur et al. 2017), still the majority of log(g)
and [Fe/H] values, and 14% of Teff values, are adopted
from the KIC. Surface gravities are of particular interest,
since they are related to the stellar radius and therefore,
in the case of transiting planets, to the planetary radius.
The log(g) values from the KIC are based on photom-
etry and therefore have much larger errors than those
derived from spectroscopy. Among the standard star
sample, there are more evolved stars (e.g., Chaplin et al.
2014; Huber et al. 2014), given that the standard stars
have well-determined surface gravities from asteroseis-
mology, and oscillations are easier to detect in subgiants
and giants. Many standard stars have higher effective
temperatures and lower surface gravities (depending on
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the log(g) range) derived from spectra than listed in the
KIC. Even among the KOI sample, results from follow-
up spectroscopy suggest that the surface gravities in the
KIC are often overestimated (Everett et al. 2013; Huber
et al. 2014; Howell et al. 2016), and thus stellar (and
planetary) radii have to be revised upward. This will
have an effect on a planet’s bulk density and thus its
composition (e.g., Seager et al. 2007; Rogers 2015).
7. SUMMARY
Over six years, the Kepler Follow-Up Observation Pro-
gram has carried out spectroscopic follow-up observa-
tions of stars in the Kepler field. Two sets of standard
stars, labeled as “platinum” and “gold” standard stars,
and many KOI host stars were observed mainly at four
different facilities: the Tillinghast 1.5-m, the McDonald
2.7-m, the KPNO 4-m, and the Keck I 10-m telescope.
A total of 3196 Kepler stars were targeted, most of them
(2667) KOI host stars. The spectra were analyzed with
four different analysis codes, each developed for data
from one facility: SPC for Tillinghast/TRES spectra,
Kea for McDonald/Tull spectra, Newspec for KPNO/RC
Spec spectra, and SpecMatch for Keck/HIRES spectra.
For the standard stars, the main goal was to obtain spec-
troscopically derived parameters for stars that have well-
measured solar-like oscillations and thus reliable surface
gravity (and mass, radius) determinations. For the KOI
host stars, targets with small (. 4 R⊕) planet candi-
dates, planets in the habitable zone, and multi-planet
systems were of the highest priority. For transiting plan-
ets, determining precise stelllar radii is crucial for deriv-
ing precise planet radii and thus, in combination with
mass measurements, bulk densities and compositions.
The derived stellar parameters from different KFOP
teams broadly agree, but there are some differences.
In part, they can be attributed to spectra with lower
signal-to-noise ratios, which often result in more uncer-
tain stellar parameters that are inconsistent with those
derived from other, less noisy data sets. Typically, pa-
rameter values are more discrepant in certain, relatively
narrow, parameter ranges, in particular at the largest
and smallest values. The closest match between differ-
ent parameter sets is found for the SPC and SpecMatch
results; also, the SpecMatch log(g) values are very simi-
lar to the asteroseismic values, which are considered the
most accurate. We suggest a systematic error floor of
∼ 100 K for Teff , 0.2 dex for log(g), and 0.1 dex for
[Fe/H]. Spectroscopically derived parameters are an im-
provement over the KIC, where broad-band colors were
used to derive most parameters.
Results from the KFOP observations were included in
the latest Kepler stellar table, the Q1-Q17 DR25 cata-
log (Mathur & Huber 2016; Mathur et al. 2017). Spec-
troscopic and other follow-up observations yielded more
accurate determinations of stellar parameters for many
stars in the Kepler field; however, the majority of sur-
face gravities and metallicities are still adopted from the
more uncertain estimates of the KIC. Nevertheless, the
sample of targets with follow-up data should provide the
means to cross-calibrate stellar parameters derived with
different methods, and thus result in a more reliable and
uniform catalog of Kepler stars, including the numerous
stars that host planets.
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APPENDIX
A. STELLAR PARAMETERS FROM THE KEPLER FOLLOW-UP OBSERVATION PROGRAM
In Table 9 we provide combined sets of stellar parameters derived for the standard stars and KOI host stars4 using
the results from SPC, Kea, SpecMatch, and Newspec. When more than one measurement for a given stellar parameter
was available, we computed a median value, but only using those parameters derived from spectra with a signal-to-
noise ratio larger than 20. If all spectra had SNR < 20, we used the median of all measurements despite their low
SNR. If only one measurement was available, we list it in Table 9, irrespective of the SNR of the spectrum used to
derive it; in this case the value listed in Table 9 is the same as in Table 4, 6, or 7, depending on whether the star is
part of the platinum, gold, or KOI host star sample, respectively. Some of the platinum and gold standard stars are
also KOI hosts; given that their stellar parameters were sometimes derived using different data sets obtained at the
same telescope, they may differ somewhat, and therefore they are listed twice in Table 9, once among the standard
stars and once among the KOI host star sample. For the parameter uncertainties, we used an error floor of 100 K, 0.2
dex, and 0.1 dex for Teff , log(g), and [Fe/H], respectively.
4 Note that in Table 9 we list first all the parameters for the platinum standard stars, then the ones for the gold standard stars, and
finally the ones for the KOI host stars. Also note that these stellar parameters are often not the same as the input values adopted from
the KFOP in the DR25 stellar catalog (Mathur et al. 2017), since in that catalog mostly the SPC values were used.
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Table 9. Combined Stellar Parameters of the Platinum Standard
Stars, Gold Standard Stars, and KOI Host Stars
KOI KICID Group Teff log(g) [Fe/H] Nm
(1) (2) (3) (4) (5) (6) (7)
0 1435467 1 6325 ± 100 4.13 ± 0.20 0.04 ± 0.10 3
0 2837475 1 6488 ± 100 4.29 ± 0.20 -0.07 ± 0.10 3
0 2852862 1 6230 ± 100 4.05 ± 0.20 -0.16 ± 0.10 3
0 3424541 1 6338 ± 100 4.33 ± 0.20 0.16 ± 0.10 1
0 3427720 1 6014 ± 100 4.31 ± 0.20 -0.04 ± 0.10 4
0 3429205 1 5078 ± 100 3.47 ± 0.20 0.01 ± 0.10 3
975 3632418 1 6112 ± 100 4.07 ± 0.20 -0.16 ± 0.10 3
0 3656476 1 5664 ± 100 4.22 ± 0.20 0.28 ± 0.10 4
0 3733735 1 6562 ± 100 4.39 ± 0.20 -0.05 ± 0.10 3
0 3735871 1 6064 ± 100 4.31 ± 0.20 -0.07 ± 0.10 4
· · ·
0 1430163 2 6388 ± 100 3.85 ± 0.20 -0.19 ± 0.10 1
0 1725815 2 6133 ± 100 3.63 ± 0.20 -0.19 ± 0.10 1
4929 2010607 2 6132 ± 100 3.65 ± 0.20 -0.07 ± 0.10 1
113 2306756 2 5616 ± 100 4.23 ± 0.20 0.46 ± 0.10 1
0 2309595 2 5212 ± 100 3.86 ± 0.20 -0.06 ± 0.10 1
0 2450729 2 5861 ± 100 3.96 ± 0.20 -0.25 ± 0.10 1
0 2849125 2 6114 ± 100 3.88 ± 0.20 0.23 ± 0.10 1
0 2865774 2 5793 ± 100 4.02 ± 0.20 -0.07 ± 0.10 1
0 2991448 2 5640 ± 100 3.98 ± 0.20 -0.11 ± 0.10 1
0 2998253 2 6215 ± 100 4.09 ± 0.20 0.04 ± 0.10 1
· · ·
1 11446443 0 5870 ± 100 4.47 ± 0.20 -0.05 ± 0.10 1
3 10748390 0 4876 ± 100 4.63 ± 0.20 0.21 ± 0.10 1
5 8554498 0 5846 ± 100 4.19 ± 0.20 0.07 ± 0.10 2
6 3248033 0 6226 ± 100 4.28 ± 0.20 -0.14 ± 0.10 2
7 11853905 0 5856 ± 100 4.11 ± 0.20 0.14 ± 0.10 3
8 5903312 0 5910 ± 100 4.54 ± 0.20 -0.10 ± 0.10 1
10 6922244 0 6243 ± 100 4.14 ± 0.20 -0.11 ± 0.10 1
12 5812701 0 6625 ± 387 4.67 ± 0.20 -1.00 ± 0.11 1
14 7684873 0 7062 ± 346 3.50 ± 0.50 -0.30 ± 0.25 1
17 10874614 0 5732 ± 100 4.29 ± 0.20 0.36 ± 0.10 3
Note—The full table is available in a machine-readable form in the online journal. A portion is shown here for guidance regarding content and
form.
Column (1) lists the KOI number of the star (if 0, the star is in the Kepler field, but was not identified as a KOI), column (2) its identifier from
the Kepler Input Catalog (KIC), column (3) identifies whether the target is a platinum standard (1), gold standard (2), or only a KOI host star
(0), columns (4)-(6) the combined stellar parameters (when more than one measurement was available – see text for details), and column (7) the
number of measurements that were combined. The table lists the parameters for the platinum stars (ordered by KICID), then those for the gold
stars (also ordered by KICID), and finally those of the KOI host stars (ordered by KOI number).
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Figure 6.1. Comparison of Teff (left), log(g) (middle), and [Fe/H] (right) determined for the platinum standard stars observed
at the Tillinghast 1.5-m and the McDonald 2.7-m telescopes and analyzed with SPC and Kea, respectively (95 stars in common).
The top row shows the parameter values of the two sets plotted versus each other (large panels) and the differences in parameter
values vs. the values determined with SPC and Kea (smaller panels). The magenta line in the smaller panels represents a running
median. The bottom row shows the histograms of the differences in parameter values.
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Figure 6.2. Similar to Figure 6.1, but for the platinum standard stars observed at the Tillinghast 1.5-m and the KPNO 4-m
telescopes and analyzed with SPC and Newspec, respectively (27 stars in common).
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Figure 6.3. Similar to Figure 6.1, but for the platinum standard stars observed at the Tillinghast 1.5-m and the Keck I
telescopes and analyzed with SPC and SpecMatch, respectively (93 stars in common).
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Figure 6.4. Similar to Figure 6.1, but for the platinum standard stars observed at the McDonald 2.7-m and the KPNO 4-m
telescopes and analyzed with Kea and Newspec, respectively (29 stars in common).
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Figure 6.5. Similar to Figure 6.1, but for the platinum standard stars observed at the McDonald 2.7-m and the Keck I
telescopes and analyzed with Kea and SpecMatch, respectively (98 stars in common).
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Figure 6.6. Similar to Figure 6.1, but for the platinum standard stars observed at the Keck I and KPNO 4-m telescopes and
analyzed with SpecMatch and Newspec, respectively (28 stars in common).
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Figure 9.1. Comparison of the differences of stellar parameters derived for the platinum stars with SPC and Kea. The blue
dashed line represents a running median. The Pearson correlation coefficients are 0.74 (left), 0.76 (middle), and 0.82 (right).
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Figure 9.2. Comparison of the differences of stellar parameters derived for the platinum stars with SPC and Newspec. The blue
dashed line represents a running median. The Pearson correlation coefficients are 0.57 (left), 0.32 (middle), and 0.45 (right).
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Figure 9.3. Comparison of the differences of stellar parameters derived for the platinum stars with SPC and SpecMatch. The
blue dashed line represents a running median. The Pearson correlation coefficients are 0.76 (left), 0.53 (middle), and 0.36 (right).
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Figure 9.4. Comparison of the differences of stellar parameters derived for the platinum stars with Kea and Newspec. The blue
dashed line represents a running median. The Pearson correlation coefficients are 0.56 (left), 0.0 (middle), and 0.25 (right).
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Figure 9.5. Comparison of the differences of stellar parameters derived for the platinum stars with Kea and SpecMatch. The
blue dashed line represents a running median. The Pearson correlation coefficients are 0.36 (left), 0.55 (middle), and 0.66 (right).
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Figure 9.6. Comparison of the differences of stellar parameters derived for the platinum stars with Newspec and SpecMatch.
The blue dashed line represents a running median. The Pearson correlation coefficients are 0.51 (left), 0.57 (middle), and 0.26
(right).
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Figure 12.1. Comparison of Teff (left), log(g) (middle), and [Fe/H] (right) determined for the KOI host stars with SPC and
Kea. The top row shows the parameter values of the two sets plotted versus each other (large panels) and the differences in
parameter values vs. the values determined with SPC and Kea (smaller panels). The bottom row shows the histograms of the
differences in parameter values (172 stars in common).
4000
4500
5000
5500
6000
6500
T
e f
f
 [
K
]  
 (
N
e
w
s p
e
c )
2.0
2.5
3.0
3.5
4.0
4.5
5.0
l o
g
( g
)  
( N
e
w
s p
e
c )
KOI Host Stars: 
 Newspec vs. SPC
−0.8
−0.6
−0.4
−0.2
0.0
0.2
0.4
0.6
[ F
e
/ H
]  
( N
e
w
s p
e
c )
4000 5000 6000
Teff [K]  (SPC)
−200
0
200
∆
 T
e f
f
 [
K
]
−
2
0
00
2
0
0
∆ Teff [K]
2.5 3.5 4.5
log(g) (SPC)
−0.4
0.0
0.4
∆
 l
o
g
( g
)
−
0
. 4
0
. 0
0
. 4
∆ log(g)
−0.6 −0.2 0.2 0.6
[Fe/H] (SPC)
−0.4
0.0
0.4
∆
 [
F e
/ H
]
−
0
. 4
0
. 0
0
. 4
∆ [Fe/H]
−300 −100 100 300
∆ Teff [K] 
0
2
4
6
8
10
12
14
16
N
−0.2 0.2 0.6
∆ log(g)
0
5
10
15
20
N
−0.4 0.0 0.4
∆ [Fe/H]
0
2
4
6
8
10
12
14
16
N
Figure 12.2. Similar to Figure 12.1, but for KOI host star parameters determined with SPC and Newspec (47 stars in common).
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Figure 12.3. Similar to Figure 12.1, but for KOI host star parameters determined with SPC and SpecMatch (70 stars in
common).
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Figure 12.4. Similar to Figure 12.1, but for KOI host star parameters determined with Kea and Newspec (116 stars in common).
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Figure 12.5. Similar to Figure 12.1, but for KOI host star parameters determined with Kea and SpecMatch (74 stars in
common).
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Figure 12.6. Similar to Figure 12.1, but for KOI host star parameters determined with Newspec and SpecMatch (53 stars in
common).
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Figure 13.1. Comparison of Teff (left), log(g) (middle), and [Fe/H] (right) determined for the KOI host stars with SPC and the
values from the KIC. The top row shows the parameter values of the two sets plotted versus each other (large panels) and the
differences in parameter values vs. the values determined with SPC and the values from the KIC (smaller panels). The bottom
row shows the histograms of the differences in parameter values.
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Figure 13.2. Similar to Figure 13.1, but for KOI host star parameters determined with Kea.
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Figure 13.3. Similar to Figure 13.1, but for KOI host star parameters determined with SpecMatch.
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Figure 13.4. Similar to Figure 13.1, but for KOI host star parameters determined with Newspec.
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Figure 14.1. Comparison of Teff (left), log(g) (middle), and [Fe/H] (right) determined for the KOI host stars with SPC and the
DR25 input values from Mathur et al. (2017). The top row shows the parameter values of the two sets plotted versus each other
(large panels) and the differences in parameter values vs. the values determined with SPC and the DR25 input values (smaller
panels). The bottom row shows the histograms of the differences in parameter values. The purple crosses identify those DR25
input values for Teff and [Fe/H] that were not determined from spectroscopy, while the red circles identify DR25 input values
for log(g) from asteroseismology.
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Figure 14.2. Similar to Figure 14.1, but for KOI host star parameters determined with Kea.
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Figure 14.3. Similar to Figure 14.1, but for KOI host star parameters determined with SpecMatch.
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Figure 14.4. Similar to Figure 14.1, but for KOI host star parameters determined with Newspec.
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Figure 18.1. Difference of Teff (left) log(g) (middle), and [Fe/H] (right) values determined with SPC and Kea vs. the signal-to-
noise of the spectra used an input for Kea. Stellar parameter differences for KOI host stars are shown in a lighter color, while
those for the standard stars are shown in a darker color.
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Figure 18.2. Difference of Teff (left) log(g) (middle), and [Fe/H] (right) values determined with SPC and Newspec vs. the
signal-to-noise of the spectra used an input for Newspec. The colors of the symbols have the same meaning as in Figure 18.1.
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Figure 18.3. Difference of Teff (left) log(g) (middle), and [Fe/H] (right) values determined with SPC and SpecMatch vs. the
signal-to-noise of the spectra used an input for SpecMatch. The colors of the symbols have the same meaning as in Figure 18.1.
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Figure 18.4. Difference of Teff (left) log(g) (middle), and [Fe/H] (right) values determined with Kea and Newspec vs. the
signal-to-noise of the spectra used an input for Kea. The colors of the symbols have the same meaning as in Figure 18.1.
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Figure 18.5. Difference of Teff (left) log(g) (middle), and [Fe/H] (right) values determined with Kea and SpecMatch vs. the
signal-to-noise of the spectra used an input for Kea. The colors of the symbols have the same meaning as in Figure 18.1.
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Figure 18.6. Difference of Teff (left) log(g) (middle), and [Fe/H] (right) values determined with Newspec and SpecMatch vs. the
signal-to-noise of the spectra used an input for SpecMatch. The colors of the symbols have the same meaning as in Figure 18.1.
